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Nondcstructivc l}valualion  (Nl)li)  imtrumcnts ad sensors arc bccominfi  smaller with cnbanccd
computer contro]lcd  capability and incrcasing]y  usc commcrcial]y  availab]c  hardware and soflwarc.
l~ur[hcr,  mbolic instnmcnts  arc bcin.g dcvc]opccl  10 serve as mobility platforms allowing automation of
tbc inspection process. ‘1’his combination of miniaturi7cd  sensing ad robotics tccl]nology  c]-lab]cs
hybrid miniature tcchno]ogy  solutions for identified aircraf[  inspection needs. integration of inspection
and robotics technologies is bcncfitcd  by the usc of a standard computing platform. 1P], invcstigatccl  the
app]icafion of ‘1’clcRobotic  tcchno]ogy  to inspcdion  of aircraft stmcturcs using  capabilities that were
(Icvclopcd  for usc in space cxp]oration. A miniature c]awlcr that is can travc] on tbc surface of aircraft
using suction cups for adhcrcncc  was dcvclopcd  and is called Multifunction Autmnatcd  Oawling
$$MCIN  (MA(;S).  MA(;S is an opcmtional  tool that can perform rapid lal”gc  area inspection of aircraft,
which bas a rc]ativcly  large platform to carry miniature impcction instrmncnts  payload. ‘]’hc capability
of MA(:S ad tbc trcml towards autonomous inspection craw]crs will bc rcvicwcd  and discussed in this
paper.
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‘1’hc trcml to incrcasc  tbc usage of aging  aircraft ad(icd  a great dcgrcc  of mgcncy to the ongoing
need for low-cost, rapid, simple-to-operate, rcliab]c and cfficicnt Nl)}l mctbods for cictcction ad
characterization of flaws in aircraft stracturcs. ‘1’hc ] 988 failure of tbc Boeing aircraft operated by
A Ioha Aillincs hcightcncd  tbc Icvc] of at [cntion to the i ssuc of aging commercial aircraft from
manufaeturcrs, uscm and tbc l~cdcral Aviation Administration (11’AA). III many cases, the problcm  of
ins;>  cctim  is complex duc to the limitation of cuncnt tcclmology  and the need to disasscmb]c aircraft
stmcturcs and testing tbcm in lab conditions. 1 ,abor intensive inspection in field conditions (icmamls
p,rcat atlcntion  to details by inspection personnel and is subject to human errors and ]imitcd in rcliabi]ity.
‘1’his interpretation depends critically on the inspectors’ cxpcrjcncc,  compctcncc,  atlcntivcncss  and
mcticmlcms  dedication. P’or instance, rivet crack inspection with eddy current detectors is known to bc a
mundane and painstaking task, which can lead to a significant clccrcasc in the inspector at[cntion  (luring
a long inspection session . On lhc otbcr  hand, disasscmb]y  of struclL]rcs is costly ad not practical in
many cases. ‘1’his inspection limitations arc hampering tbc growth of usc of composite s[racturcs for
:iircrafi constructions. ‘1’0 ovcrcomc  lhcsc  limitations, rcliab]c field inspection tools arc being clcvc]opcd
for I“apici NI )]; of ]al”gc and CO]llp]CX-S]]apC  Structw’cs,  that can operate at harsh, hOStilC and Icmotc
conditions (cxtrcmc tcmpcratu]c, batllc  field, remote cxpcrtisc,  ctcf.) with minimum human  intcrfcrencc .
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II] mccnt  years, to address tbc need for rapid inspection in field conditions,
scanners were developed using various Nl]}\ methods, including ultrasonics,
Ibcrmography. ‘1’bis paper is written with an emphasis on ultrasonic N] )1; scanners,
(be expected direction of growth.
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llltrasonies  has been one of tbc ]cading  NI)E methods fir mom Iban four dccadcs.  ‘]’hc divclopmcnt
of scanners made its bigp,cst  impact on the level of usc of this mctlml  since it allowed to obtain a
detailed map of the inspected structure with an outline  of the flaw size and location. Further, the process
of recording the data became consistcJlt  and simplified the standar(ii~faticm of the inspection technique.
l;or a long time, this automated capability was available in lab conditions and the inspection in the field
could be perform only manually. With the evolution of personal computers awl microelectronics, tools

became available that allow the development of porlab]c  ultrasonics Gscanncrs’.  initially, such
scanners were limited to a simple bridge  and a mobile  set of boxes that were carried to the field to allow
scanninp,, data acquisition and recording of the results. Methods were developed for position encoding,
including acoustics (1S1S usccl this concept and was developed by General I)ynamics under  a contract
from the Air }jorcc), optical scales, and various other encoding techniques. “1’hc usc of acoustics was
determined as an unreliable form of position encoding so the technology evolved in the direction of
optical encoders in a rotary form to allow producing a compact system. ‘1’0 inspection of surfaces
vertically or test under the surface of aircraft willfs,  strapping tcclmiqucs  were developed as well as
vacuum cup were added  to tbc bridge (e.g., QM 1‘s portable scanner) to secure the attachment. Since
the aircraft has a complex geometry, the use of flat portable brjdgcs was encountered with scanning ad
accuracy difficulties. “1’hc PANIJA Scanner (made by ‘1’cktrcncl)  addressed this issue by developing a
flexible arm that holds the probe and by atlacbing  it to the surface of the aircraf( it allows following its
contour.

‘1’hc various portable c-scan bridges maclc an enabling automated technology for inspection in field
condition and significantly impmved the reliability of ultrasonic NI)I L Unfortunately, the fact that the
bridge itself is stationary limits the size of tbc inspected area to the bridge scanning range. Oncc a scan
is completed the operator needs to move the bridge  to another  location to cover the desired new
inspection area,
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Automated devices which can attach to ad maneuver on an aircraft skin to pcrfom inspection can
grcally  benefit aircraft jnspcction. lncrcasing]y  crawlins dcviccs  arc being  reported  in an atlcmpt  to
address the limitation of stationary portable c-scan bridges. ‘]’hc usc of suction cups has bccomc a
leading form of controlled adbcrcncc  to aircraft surfaces ad several succcssfu]  devices  were rcpo]tc(l  in
the last several years. “1’hc Automated Non l)cstructivc lnspcetor and the Autocrawler arc some of the
mGrc known mobile portab]e  scanners. in rccq,nition  of the need to have a small, more maneuverable
crawler, 1P], recently dcvclopcd  for the inspection of aircraft external surfaces a small, higbl y



mancuvcrablc crawler with a payload to weight  ratio of about 10:1. “1’his  Mu]tifunclion  Aulonlated
Gawling System (MAC3) was designed to pcrfcmn robotic tasks [patent pcnding]t.  MA~S  employs
ultrasonic motors for mobility and suction cups for surface adhcrcncc. MA(3 has two Icgs for linear
motion ancl a rotation clement for turning, enabling any simultaneous combination of motion  from linear
to rotation about a ccnlral axis. ]n Figure 1, MA~S is shown crawling vertically on the surface of an Air
liorcc  ~-5 aircraft.

Figure 1: MA~S crawling on the C-5 aircraft [patent pending].

Applications of the MA~S crawler include inspection of rcpaim, composite materials, and
structures of ag,ing aircraft, detection of cracks, corrosion, impact clamagc, unbomls,  dclaminaticms,  fire
damage, porosity and other flaws, paint tbickncss  mcasurcmcnt, perform specific tasks such as
identification of dents, and individual fasteners, etc. ~’hc dcvclopmcnt  of the MAC%  crawler is
benefiting from leveraging of ongoing NASA miniature planetary rover, tclcrobotics and Nl)Ii
technology.

Autonomy of NDE crawlers is a key technology for automation of scanning complex acrospacc
structures. An autonomous crawler can be remote] y monitored by ccntrall  y located experts that arc
cq uippcd  with know-how, database and acccpthcjcct criteria. Such a capability will allow rapid
response to inspection needs, particularly in cases of a crisis where a flaw is cliscovcrcd  and there is a
need to examine a full flight of the J}articu]ar  aircraft model all over tbc world. Also, all autonomous
crawler can be operated during  aircraft idle time allowing to reduce  tbc need to ground aircraft for
inspection. A combination of visual, 1; ’1’ and U’J’ payload arc cxpcctd  10 be the lcacling  NJII1 tools tbai
will serve as payload of an autonomous crawler.

‘1’hc technology that enables such capabilities arc being  developed at such organizations as .111, to
enable  such capabilities. Miniature robotics technologies with on-board intclligcncc  arc nccdcd  for
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mvcm to cmllcd samp]cs  from Mars. Since collllllllllicatioll  lag bctwccl]  IIar(h and Mars is about 40
minutcsj  Ihc ncd for autonomous operation cm Mars has bccomc  a critical technology. h4AC;S,
currcnlly,  uscs a n  umbilical  cord for power,  collllllLlllicatioll/colltro]  ad to pmvidc air prcssarc to
Control Ihc VaCLILllll caps position ad form VaCLILllll. liuturc  efforts will invo]vc  incrcascd  autonomous
opcratim  of MAcS.  A potential future lcclmology  is dcvclopmcnl  of a minialarc on-board vacuum
pumps to cnab]c opcraticm without an umbilical cord.

‘J’hc dcvclopmc]lt  of MAC3 w a s  d o n e  LImicr a .lct l’ropu]sion  1,aboratory, [;alifomia  lnstilutc o f
‘1’cchno]ogy, contract with the Air IForcc Material [~omman(l, Kelly Air l~orce Ilasc.
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